Interactions of respiration and the bradycardia of submersion in harbor seals.
Six harbor seals with percutaneous tracheostomies were artificially ventilated while immersed. Changes in the oxygen content of the inspired gas and in the minute-volume altered the magnitude of the bradycardia observed after the animal had been submerged for 30 s. The average heart rate in five seals changed from 16.7 (S.D. = 4.4) beats per minute during artificial ventilation with N2, to 58.7 (S.D. = 10.4) beats per minute while breathing air, but this cardiac chronotropic effect of oxygen was blocked by addition of 7% CO2 to the inspired gas. Ventilatory minute-volumes above approximately 3 litres/min caused cardiac acceleration in a manner related to ventilation; below this, changes in heart rate were inconsistent. While being artificially ventilated with air, the average heart rate in five seals changed from 16.5 beats per minute to 73.4 beats per minute as ventilation was increased from 0 to greater than 8 litres/min. These experiments demonstrate that O2, CO2, and ventilatory minute-volume have significant effects upon the heart rate of seals under water and suggest the presence of chemoreceptor-mediated effects on heart rate during submersion.